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Lymphocystis disease virus (LCDV) is the causative agent of lymphocystis disease, which has been reported to occur
in over 100 different fish species worldwide. LCDV is a member of the family Iridoviridae and the type species of the
genus Lymphocystivirus. The virions contain a single linear double-stranded DNA molecule, which is circularly permuted,
terminally redundant, and heavily methylated at cytosines in CpG sequences. The complete nucleotide sequence of LCDV-
1 (flounder isolate) was determined by automated cycle sequencing and primer walking. The genome of LCDV-1 is 102.653
bp in length and contains 195 open reading frames with coding capacities ranging from 40 to 1199 amino acids. Computer-
assisted analyses of the deduced amino acid sequences led to the identification of several putative gene products with
significant homologies to entries in protein data banks, such as the two major subunits of the viral DNA-dependent RNA
polymerase, DNA polymerase, several protein kinases, two subunits of the ribonucleoside diphosphate reductase, DNA
methyltransferase, the viral major capsid protein, insulin-like growth factor, and tumor necrosis factor receptor homolog.
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INTRODUCTION rus; Delius et al., 1984; Schnitzler et al., 1987; Soltau et
al., 1987), and insect iridescent virus type 9 (Ward and
Iridoviruses are relatively large icosahedral cyto-
Kalmakoff, 1987). A distinctive genomic property common
plasmic deoxyriboviruses that can be subdivided into at
to LCDV and FV3 is the high degree of methylation at
least four genera including the genus Lymphocystivirus
cytosine residues in CpG sequences (Willis and Granoff,
(Murphy et al., 1995). Lymphocystis disease virus (LCDV)
1980; Darai et al., 1983; Wagner et al., 1985). Since LCDV
is the causative agent of lymphocystis disease, which
cannot be propagated efficiently in cell culture, the deter-
has been reported to occur in over 100 different fish
mination of the complete nucleotide sequence of the
species in freshwater and saltwater worldwide. These
LCDV-1 genome can be considered a major step toward
include species that are of particular importance for fish-
understanding the underlying mechanisms of viral infec-
eries and fish farming, for example Sparus aurata (gilt-
tion, replication, and pathogenesis.
head seabream; Paperna et al., 1982). LCDV infection
frequently appears in Pleuronectidae (flatfish), such as
MATERIALS AND METHODSPlatichthys flesus (flounder), Pleuronectes platessa
(plaice), and Limanda limanda (dab). The infected ani- Viral DNA isolates and genomic library
mals develop clusters of extremely hypertrophied fibro-
The recombinant plasmids harboring specific DNA se-blasts or osteoblasts called lymphocystis cells. These
quences of the LCDV-1 genome (previous abbreviationcells are individually encapsulated by a hyaline extracel-
FLCDV-f) used in this study were obtained from a definedlular matrix. Inside the cells a massive accumulation of
gene library, which was established and described else-virions can be observed (Walker and Weissenberg, 1965).
where (Darai et al., 1985). LCDV-1 DNA isolates used forLymphocystis disease virus type 1 (LCDV-1; a flounder
polymerase chain reactions (PCRs) were obtained fromisolate) is the type species of the genus Lymphocystivi-
original virus stocks (Darai et al., 1985).rus. The virions contain a single linear double-stranded
DNA molecule that has been characterized by molecular
Enzymes and DNA isolationcloning and physical mapping (Darai et al., 1985). The
structure of the genome of LCDV was found to be circu- Restriction endonucleases were purchased from
larly permuted and terminally redundant (Darai et al., Boehringer Mannheim GmbH (Mannheim, FRG). DNA
1983, 1985; Schnitzler et al., 1990), a feature common to isolation, incubation, and electrophoresis were carried
other iridoviruses such as frog virus 3 (FV3) (type species out as described previously (Darai et al., 1985).
of the genus Ranavirus; Goorha and Murti, 1982), chilo
iridescent virus (CIV) (type species of the genus Iridovi- Polymerase chain reaction
Oligonucleotide primers were synthesized with an1 To whom reprint requests should be addressed. Fax: 49-6221-56-
4104. E-mail: darai@novsrv1.pio1.uni-heidelberg.de. Oligo 1000M DNA Synthesizer (Beckman Instruments
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GmbH, Munich, FRG). The PCR was performed using 0.5 tween two amino acid sequences was determined using
the following parameters: K-tuple value  1, gap penaltyfmol of the individual template DNA in 100-ml volumes
containing 80 mM Tris– HCl, pH 8.9, 20 mM (NH4)2SO4 ,  5, window size  10, filtering level  2.5, open gap
cost  10 (in some cases lower values had to be used5 mM MgCl2 , 12.5 nmol of each dNTP, 5 pmol of each
primer, and 2.5 units of Taq DNA polymerase (Applied to achieve optimal alignments), unit gap cost 10. Signif-
icant homology between two proteins was defined asBiosystems GmbH, Weiterstadt, FRG). Thirty-five cycles
were run in an automated temperature cycling reactor amino acid identity of over 20.0% or amino acid identity
of over 15.0% when conserved protein domains and sig-(GeneE, Techne, Cambridge, UK) under cycling condi-
tions of 967 for 30 sec, 557 for 1 min, and 727 for 2 min natures were present in both proteins. Individual con-
served amino acid patterns were identified in putativeper cycle.
proteins of LCDV-1 using the PESEARCH program.
DNA sequencing
RESULTSThe DNA templates were prepared as follows: the re-
combinant plasmids harboring specific DNA fragments Verification of the viral genome organization by PCR
of the viral genome were purified as described previously and DNA sequencing
(Tidona et al., 1996) and dissolved in bidistilled water to
In order to verify the viral genome organization anda final concentration of 1 mg/ml. The PCR products were
the integrity of the genome library of LCDV-1 (Darai etfirst treated with 1 vol phenol:chloroform (5:1) and precipi-
al., 1985) the termini of the 14 cloned viral EcoRI frag-tated with 3 vol 95% ethanol containing 100 mM sodium
ments were sequenced. Subsequently the terminal nu-acetate. The DNA was then washed with 70% ethanol
cleotide sequences obtained from the individual EcoRIand dissolved in bidistilled water to a final concentration
fragments were used for further construction of oligonu-of 20 ng/ml. The PCR products and the cloned fragments
cleotide primers in reverse orientation. The constructedof the viral genomic DNA were automatically sequenced
primers were combined and used in PCR experiments to(Smith et al., 1986) with a 373A ‘‘Extended’’ DNA se-
amplify native viral DNA containing the EcoRI restrictionquencer using the DyeDeoxy Terminator-Taq cycle se-
sites. The analysis of the nucleotide sequence of thequencing technique (Applied Biosystems GmbH). Each
individual amplimers revealed that each PCR productsequencing reaction was performed in a volume of 20
contained one EcoRI restriction site flanked by adjacentml containing either 1 mg of purified plasmid DNA or 100
EcoRI fragments as determined by physical mapping ofng of a PCR product, 50 pmol of the sequencing primer,
the viral genome (Schnitzler et al., 1987). The results ofand 10.5 ml of the DyeDeoxy Terminator reaction mixture.
these studies confirmed the integrity of the genome li-The cycle sequencing reaction was incubated for 28 cy-
brary of LCDV-1 and the arrangement of the viral genome.cles in an automated temperature cycling reactor
(GeneE, Techne, Cambridge, UK) under cycling condi-
Determination of the viral genomic DNA sequencetions of 967 for 30 sec and 607 for 4 min per cycle. The
samples were prepared for electrophoresis as described The nucleotide sequence of the cloned DNA fragments
by the manufacturer. The electrophoresis of the samples was determined by primer walking. More than 450 se-
was carried out on a 36-well 48-cm WTR (well to read) quencing oligonucleotide primers were designed, syn-
polyacrylamide gel. The nucleotide sequences obtained thesized, and used in sequencing reactions to obtain
from individual sequencing reactions were assembled contiguous nucleotide sequences of both DNA strands.
using the Sequence Navigator software (version 1.0, Ap- Every nucleotide position in the viral genome was deter-
plied Biosystems GmbH). mined at least once from each DNA strand (average 1.6
times). The average read length obtained from individual
Computer assisted analysis sequencing reactions ranged from 550 to 850 nucleo-
tides. The base composition of the viral genomic DNANucleotide and amino acid sequences were compiled
sequence was found to be 29.07% G / C and 70.93% Aand analyzed using the PC/GENE program release 6.85 / T, which is in agreement with values described pre-(Intelligenetics Inc., CA). Amino acid sequences were
viously (Darai et al., 1983). The complete DNA sequencescanned for known active site motifs and protein family
of LCDV-1 comprising 102,653 bp was deposited in Gen-signatures (PROSITE 13.0; Bairoch, 1991), N-terminal se-
Bank (Accession No. L63545). The analysis of the viralcretory signal sequences (PSIGNAL; Von Heijne, 1986),
DNA revealed the presence of numerous short direct,and transmembrane a-helices (HELIXMEM; Eisenberg et
inverted, and palindromic repetitive sequence elementsal., 1984). The search for homologous proteins in the
(data not shown).SWISS-PROT 33 database was carried out using the
FASTA (Lipman and Pearson, 1985) and FSTPSCAN (Lip- Coding capacity of the LCDV-1 genome
man and Pearson, 1985) programs. Protein alignments
were generated using the CLUSTAL program (Higgins Computer-assisted analysis of the complete DNA se-
quence of LCDV-1 resulted in the identification of 195and Sharp, 1988) and the percentage of homology be-
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TABLE 1potential open reading frames (ORFs; Table 1) with cod-
Potential Open Reading Frames of the LCDV-1 Genomeing capacities for polypeptides ranging from 40 to 1199
amino acids. The potential ORFs detected within the nu-
cleotide sequences of the upper (R) and lower (L) DNA
strands were consecutively numbered as listed in Table
1. The analysis of the amino acid sequences deduced
from the individual ORFs revealed that 38 of the 195
potential gene products of LCDV-1 show significant ho-
mology to functionally characterized proteins of other
species (Table 1). The codon usage analysis of the 195
potential ORFs indicates that 110 largely nonoverlapping
ORFs are likely to represent viral genes (Fig. 1). The
results of these analyses for genes encoding the viral
DNA (cytosine-5) methyltransferase (ORF 005L), the ma-
jor capsid protein (ORF 147L), the largest subunit of the
DNA-dependent RNA polymerase (ORF 016L), and the
DNA polymerase (ORF 135R) are summarized in Table
2. The classical or slightly modified canonical promoter
and termination signals were found upstream and down-
stream of the start and termination codons of the majority
of the individual ORFs, including 110 potential viral
genes. However, the high AT content of the viral DNA
makes it difficult to locate AT-rich transcriptional signals.
Relatedness of LCDV-1 gene products to other
proteins
The putative gene products of LCDV-1 showed signifi-
cant homology to proteins in the database including en-
zymes and structural proteins involved in virus replica-
tion, transcription, protein modification, and virus–host
interaction (Table 1). Proteins involved in DNA replica- Note. ORFs are listed in numerical order from nucleotide position 1
tion, modification, and processing include the DNA poly- to 102,653. Abbreviations: I, percentage of identical residues; S, per-
centage of similar residues. ORFs marked with an asterisk are notmerase (ORF 135R), a DNA polymerase processivity fac-
likely to represent viral genes since they overlap much larger ORFs.tor (ORF 003L), a DNA (cytosine-5) methyltransferase
Domains and signatures marked with an asterisk are not entirely con-
(ORF 005L; Tidona et al., 1996), a type II restriction endo- form with the patterns listed in PROSITE 13.0 and have been identified
nuclease homolog (ORF 178L), and a structure-specific by extensive cluster alignments of proteins with homologous functional
endonuclease (ORF 191R). The detection of a putative domains included in SWISS-PROT 33. The domains and signatures
marked with a plus correspond to patterns that have been generatedgene product of LCDV-1 that contains the bacterial muta-
and tested for specificity before they were used to identify putativetor protein signature (ORF 022R; putative pyrophosphate-
gene products of LCDV-1.
releasing NTPase) is of particular interest, since other
large cytoplasmic deoxyriboviruses such as poxviruses
and African swine fever virus encode homologous pro- ruses encode a number of proteins that interfere with
the nucleic acid metabolism of the host cell. Accordinglyteins (Koonin, 1993).
LCDV-1 encodes homologs of proteins involved in it was found that LCDV-1 codes for homologs of the two
ribonucleoside-diphosphate reductase subunits (ORFstranscription of DNA such as the two largest subunits of
the DNA-dependent RNA polymerase (ORFs 016L and 176L and 027R), a thioredoxin (ORF 081R), and a putative
protein (ORF 136R) showing similarities to the thymidine025L; Mu¨ller et al., 1995), a small subunit of the DNA-
dependent RNA polymerase (ORF 171R), a DNA puff pro- kinase of herpesviruses. Several putative gene products
of LCDV-1 contain highly conserved domains and activetein homolog (ORF 108L), and proteins homologous to
an early transcription factor subunit (ORF 132L) and a late site motifs of enzymes involved in protein processing
and modification such as a cysteine proteinase (ORFpromoter transactivator protein (ORF 032R) of poxviruses.
With the exception of a putative double-stranded RNA- 043R) and six protein kinases (ORFs 010L, 080R, 088R,
093R, 094R, and 158L) which showed significant homol-specific ribonuclease (ORF 137R), there is no significant
evidence for the presence of enzymes involved in the ogy to members of the serine/threonine and tyrosine pro-
tein kinase families. Furthermore it was found that theseprocessing, i.e., capping or polyadenylation, of viral RNA.
Large DNA viruses such as poxviruses and herpesvi- six ORFs possess internal amino acid sequence homolo-
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FIG. 1. Genomic structure of LCDV-1. The arrows represent largely nonoverlapping open reading frames with respect of their size, position, and
orientation. Black arrows indicate open reading frames that were assigned a potential genetic function by significant homology to functionally
characterized proteins of other species.
gies when their amino acid sequencs were compared to to putative gene products of LCDV-1 encoded by other
each other. DNA viruses include the FV3 immediate-early protein
ICP-46 (ORF 047L), ATPase (ORF 054R), and early 31-A number of viral proteins that might be involved in
kDa protein (ORF 122R), as well as the early protein E6virus-host interaction were identified by significant amino
of bovine papilloma virus 4 (ORF 035L) and the proteinacid sequence homology such as a tissue differentiation
D5 of vaccinia virus (ORF 128L). The detection of anfactor (ORF 036R), a collagen type IX homolog (ORF
ATPase homolog (ORF 054R) is in agreement with the063L), an insulin-like growth factor (ORF 125R), a b-hy-
previously reported ATPase activity in purified LCDV par-droxy steroid dehydrogenase (ORF 153L), and a tumor
necrosis factor receptor homolog (ORF 167L). Homologs ticles (Flu¨gel et al., 1982).
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TABLE 2
Codon Usage of LCDV-1 Determined for Genes Encoding the DNA (Cytosine-5) Methyltransferase (MT), the Major Capsid Protein (MCP),
the Largest Subunit of the DNA-Dependent RNA Polymerase (RPO1), and the DNA Polymerase (DPOL)
MT MCP RPO1 DPOL MT MCP RPO1 DPOL
ORF ORF ORF ORF ORF ORF ORF ORF
aa Codon 005L 147L 016L 135R aa Codon 005L 147L 016L 135R
Arg AGA 6/14 6/18 14/35 12/36 Thr ACA 7/10 13/31 37/83 21/50
AGG 0/14 1/18 1/35 0/36 ACT 2/10 10/31 30/83 18/50
CGA 1/14 4/18 6/35 11/36 ACG 0/10 5/31 3/83 6/50
CGT 5/14 3/18 7/35 4/36 ACC 1/10 3/31 13/83 5/50
CGG 0/14 3/18 5/35 3/36
CGC 2/14 1/18 2/35 6/36 Val GTA 3/8 8/34 21/69 21/66
GTT 4/8 19/34 31/69 30/66
Leu TTA 18/25 24/39 97/121 61/94 GTG 1/8 4/34 9/69 6/66
TTG 1/25 3/39 8/121 8/94 GTC 0/8 3/34 8/69 9/66
CTA 2/25 2/39 7/121 6/94
CTT 2/25 9/39 7/121 13/94 Ile ATA 11/22 8/26 34/111 25/92
CTG 0/25 0/39 2/121 4/94 ATT 10/22 17/26 64/111 57/92
CTC 2/25 1/39 0/121 2/94 ATC 1/22 1/26 13/111 10/92
Ser AGT 2/13 7/35 14/54 11/53 Asn AAT 14/22 25/30 54/69 41/55
AGC 1/13 5/35 4/54 2/53 AAC 8/22 5/30 15/69 14/55
TCA 5/13 9/35 13/54 15/53
TCT 4/13 11/35 16/54 20/53 Asp GAT 8/13 20/24 50/59 37/47
TCG 1/13 1/35 5/54 2/53 GAC 5/13 4/24 9/59 10/47
TCC 0/13 2/35 2/54 3/53
Cys TGT 6/6 5/6 34/40 20/25
Ala GCA 2/4 17/32 32/67 17/37 TGC 0/6 1/6 6/40 5/25
GCT 1/4 10/32 19/67 13/37
GCG 1/4 2/32 11/67 2/37 Gln CAA 3/4 12/14 44/45 31/43
GCC 0/4 3/32 5/67 5/37 CAG 1/4 2/14 1/45 12/43
Gly GGA 4/11 8/29 13/69 8/33 Glu GAA 10/10 17/18 49/59 42/49
GGT 7/11 15/29 37/69 20/33 GAG 0/10 1/18 10/59 7/49
GGG 0/11 0/29 8/69 2/33
GGC 0/11 6/29 11/69 3/33 His CAT 2/2 9/10 22/26 6/11
CAC 0/2 1/10 4/26 5/11
Pro CCA 4/9 8/22 22/66 12/29
CCT 4/9 9/22 26/66 9/29 Lys AAA 21/23 20/22 96/107 80/91
CCG 1/9 5/22 8/66 5/29 AAG 2/23 2/22 11/107 11/91
CCC 0/9 0/22 10/66 3/29
Phe TTT 9/9 19/23 43/47 31/34
TTC 0/9 4/23 4/47 3/34
Tyr TAT 10/12 22/23 39/49 49/58
TAC 2/12 1/23 10/49 9/58
Note. The codon usage values are given in codon frequency per total number of codons used to encode a specified amino acid (aa). The most
frequently used codons and the highest codon usage values are marked by boldface letters.
Protein domains and signatures kinase herpesvirus-type signature [DEST]-x(3,4)-R-
[LIVM]-x(2)-R-x-R-x(2)-[DE]-x(6,7)-[LIVM]-x(2)-[LIV]-x(3)-
As shown in Table 1 several conserved protein do-
[FY] (derived from alignments of thymidine kinases of
mains and signatures were detected in putative gene
herpesviruses); zinc finger (C4 type) signature C-x(2)-C-
products of LCDV-1. In addition to the known amino
x(6,24)-C-x(2)-C and zinc finger (C3H type) signature C-
acid patterns that were found in many protein families
x(2)-C-x(11,27)-C-x-H (derived from PROSITE C3HC4
(Bairoch, 1991), we established novel amino acid pat-
zinc finger signature).
terns using extensive cluster alignments of functionally
related proteins in the protein database. The following
DISCUSSION
patterns have been generated to identify putative gene
products of LCDV-1: collagen family GXY repeat motif Since the discovery of lymphocystis disease virus by
Walker in 1962 using electron microscopy, many at-G-x(2)-G-x(2)-G-x(2)-G-x(2)-G-x(2)-G (derived from align-
ments of collagen protein family members); thymidine tempts have been made to elucidate the molecular biol-
AID VY 8456 / 6a2f$$$$61 03-18-97 07:48:56 viral AP: Virology
214 TIDONA AND DARAI
ogy of this ecologically important fish pathogen. During purified virions of LCDV-1 (Flu¨gel et al., 1982). As far as
the viral thymidine kinase activity is concerned (Scholzthe past two decades we have succeeded in the charac-
terization of the genome of LCDV-1 (Darai et al., 1983, et al., 1988), the presence of the viral thymidine kinase
gene locus was not confirmed in this study. However, it1985) and in the identification of the viral major capsid
protein (Schnitzler and Darai, 1993), the largest subunit was found that the putative gene product of ORF 136R
is significantly homologous to the thymidine kinase ofof the DNA-dependent RNA polymerase (Mu¨ller et al.,
1995), and the DNA (cytosine-5) methyltransferase (Ti- channel catfish herpesvirus (Davison, 1992). Although a
virion-associated thymidine kinase activity has been re-dona et al., 1996). In this report we present data on the
coding strategy of LCDV-1 that are based on the determi- ported for LCDV-1 (Flu¨gel et al., 1982), the existence of
a virus-encoded thymidine kinase is still uncertain.nation and computer-assisted analysis of the complete
nucleotide sequence of the viral genome. Thirty-eight of The presence of a viral gene encoding a putative se-
creted nonfibrillar collagen type IX homolog (ORF 063L)110 potential genes were assigned a putative genetic
function by detection of significant amino acid sequence is of particular interest, since a typical feature of the
infected lymphocystis cells is the production of a hyalinehomologies to known proteins of other species. With the
exception of an 11-bp overlap between ORFs 006L and extracellular capsule (Howse and Christmas, 1970). The
GXY amino acid repeat motif is characteristic for mem-010L, the 38 putative viral genes do not overlap each
other. Taken together the 38 identified ORFs represent bers of the collagen protein family (van der Rest and
Garrone, 1991). It was found that this motif is very abun-about 43% of the coding capacity of the viral genome.
This relatively low value is probably due to our limited dant throughout the entire 063L protein of LCDV-1. In
contrast to large fibrillar collagens, which are able toknowledge about functionally characterized proteins en-
coded by members of the family Iridoviridae. form extended a-helical coiled coil structures, type IX
collagen is a nonfibrillar extracellular matrix protein pres-The detection of a putative viral restriction modifica-
tion system consisting of a DNA methyltransferase and ent in virtually all hyaline cartilages of vertebrates. Since
the collagen type IX homolog of LCDV-1 contains a typi-a corresponding restriction endonuclease is of consider-
able importance. We have recently identified the gene cal N-terminal signal peptide, it is proposed to be a se-
creted structural protein responsible for the formation oflocus of the viral DNA (cytosine-5) methyltransferase
(ORF 005L; Tidona et al., 1996), which is proposed to be the encapsulated lymphocystis cells in infected fish.
As expected, significant homology was found betweenresponsible for the heavy methylation of the viral DNA
at cytosines in CpG dinucleotides (Darai et al., 1983). the amino acid sequence deduced from ORF 147L (viral
major capsid protein; Schnitzler and Darai, 1993) and theThis putative gene product shows over 53% amino acid
sequence identity with the homologous gene product of major structural proteins of other iridoviruses, African
swine fever virus, and Paramecium bursaria chlorella vi-frog virus 3, a closely related iridovirus. Although the
putative DNA methyltransferase of FV3 has been shown rus (member of the family Phycodnaviridae; Graves and
Meints, 1992).to be expressed from an early transcript (Kaur et al.,
1995), the function of extensive DNA methylation during Significant homology was detected between the amino
acid sequence derived from ORF 125R and a variety ofviral replication is still unclear. It is remarkable that a
high degree of DNA methylation can also be found in insulin-like growth factors (IGFs). In contrast to insulins,
the insulin-like growth factors type I and II are active asother large DNA viruses such as members of the family
Phycodnaviridae. Interestingly the putative protein de- single-chain polypeptides (Humbel, 1990) stabilized by
intramolecular disulfide bridges between conserved cys-rived from LCDV-1 ORF 178L shows significant domain
homology to a type II restriction endonuclease specific teine residues that are all present in the putative IGF of
LCDV-1. In addition to their insulin-like metabolic activity,for a CCGG target sequence. Genes encoding viral DNA
methyltransferases and corresponding methyl-sensitive IGFs can stimulate DNA synthesis and production of ex-
tracellular matrix components (Humbel, 1990). The syn-restriction endonucleases have recently been identified
in the genome of a chlorella virus (Zhang et al., 1992), thesis of a viral IGF could thus account for the hypertro-
phy and extracellular matrix overproduction of virus-in-where they seem to be part of a restriction-modification
system similar to that found in bacteria (Meselson et al., fected cells. As the putative 125L protein of LCDV-1
contains a typical N-terminal signal peptide, it can be1972). Consequently the putative LCDV-1 protein 178L
is a suitable candidate for representing the counterpart assumed that the IGF homolog might be secreted by
infected cells.of the DNA (cytosine-5) methyltransferase in a viral re-
striction modification system. Such a viral restriction Analogous to Shope fibroma virus (Smith et al., 1991)
and myxoma virus (Upton et al., 1991), both members ofmodification system is able to degrade the host genomic
DNA while the viral DNA is protected from cleavage by the genus Leporipoxvirus of the family Poxviridae, LCDV-
1 encodes a putative tumor necrosis factor (TNF) recep-specific methylation.
The observation that the amino acid sequence derived tor homolog (ORF 167L). This putative viral protein con-
tains one incomplete and one complete TNF receptorfrom LCDV-1 ORF 054R is homologous to the ATPase of
FV3 is consistent with a viral ATPase activity detected in cysteine-rich domain, which is characteristic of members
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human and mouse preprocathepsin B cDNAs. Proc. Natl. Acad. Sci.of the TNF receptor protein family (Baker and Reddy,
USA 83, 7721–7725.1996). These domains have been shown to be involved
Cordeiro, M. do N., Diniz, C. R., Valentim, A. do C., Von Eickstedt, V. R.,
in ligand binding and oligomerization of the individual Gilroy, J., and Richardson, M. (1992). The purification and amino acid
receptor subunits, thus mediating signal transduction sequences of four Tx2 neurotoxins from the venom of the Brazilian
‘armed’ spider Phoneutria nigriventer (Keys). FEBS Lett. 310, 153–(Baker and Reddy, 1996). Similar to TNF receptor homo-
156.logs encoded by members of the poxvirus family, the
Dahlkvist, A., and Sunnerhagen, P. (1994). Two novel deduced serine/amino acid sequence derived from ORF 167L of LCDV-
threonine protein kinases from Saccharomyces cerevisiae. Gene
1 is apparently devoid of a central transmembrane do- 139, 27–33.
main and may therefore be considered a soluble protein. Darai, G., Anders, K., Koch, H. G., Delius, H., Gelderblom, H., Samalecos,
C., and Flu¨gel, R. M. (1983). Analysis of the genome of fish lympho-It has been shown that the proinflammatory effects of
cystis disease virus isolated directly from epidermal tumours of pleu-circulating TNF-like cytokines are counteracted in vivo
ronectes. Virology 126, 466–479.by soluble forms of the corresponding cytokine receptors
Darai, G., Delius, H., Clarke, J., Apfel, H., Schnitzler, P., and Flu¨gel, R. M.
generated by either proteolytic cleavage or alternative (1985). Molecular cloning and physical mapping of the genome of
splicing (Heaney and Golde, 1996). So the putative 167L fish lymphocystis disease virus. Virology 146, 292–301.
Davison, A. J. (1992). Channel catfish virus: A new type of herpesvirus.protein of LCDV-1 may function as a competitive inhibitor
Virology 186, 9–14.that binds to cytokines or cytokine receptors, thus pre-
Delius, H., Darai, G., and Flu¨gel, R. M. (1984). DNA analysis of insectventing the virus-infected host cells from being elimi-
iridescent virus 6: Evidence for circular permutation and terminal
nated by a proinflammatory response. This could explain redundancy. J. Virol. 49, 609–614.
why the aberrant lymphocystis cells are not recognized Dibartolomeis, S. M., and Gerbi, S. A. (1989). Molecular characterization of
DNA puff II/9A genes in Sciara coprophila. J. Mol. Biol. 210, 531–540.and eliminated by the immune system of the infected
Eisenberg, D., Schwarz, E., Komaromy, M., and Wall, R. (1984). Analysishost over a long period of time.
of membrane and surface protein sequences with the hydrophobicThe presented data on the organization, complete nu-
moment plot. J. Mol. Biol. 179, 125–142.
cleotide sequence, and coding capacity of the LCDV-1 Flu¨gel, R. M., Darai, G., and Gelderblom, H. (1982). Viral proteins and
genome make it possible to determine the function of adenosine triphosphate phosphohydrolase activity of fish lympho-
the individual viral genes in more detail. cystis disease virus. Virology 122, 48–55.
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